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Question 1. 
Consider the equilibrium in the reaction 


302x(g) ——— 203 (g) 


at 298K. Assume AA reaction iS independent of temperature. 


(a) Predict whether the equilibrium position will shift toward reactants or products as 


the pressure is increased. Justify your answer. 
(1.5 marks) 


(b) Predict whether the equilibrium position will shift toward reactants or products as 


the temperature is increased. Justify your answer. 


(1.5 marks) 
(c) Calculate K, at 550 K. 

(3 marks) 
(d) Calculate K, at 550 K and 0.500 bar. 

(2 marks) 


Data 


ArH? (03) =143 kJ mol! = AgG° (O03) = 163 kJ mol! = R=8.314 J K! mol! 


Question 2. 


Determine the K,, for AgBr at 25°C using the electrochemical cell described by 


Ag(s)|AgBr(s)[Br (aq)||Ag '(aq)|Ag(s). 
Show the in your answer the half and overall cell reactions. 


(5 marks) 
Data 
E*agtiag = + 0.7996 V EE AgBr/Ag= + 0.07133 V 


Question 3. 


At the half-way point in the titration of a weak acid with a strong base the pH was 
measured as 4.45. (a) What is the pX, of the weak acid? (b) Calculate the pH ofa 
0.025 M solution of the weak acid? (c) What would the ionic strength of a 0.018 M 
solution of the weak acid be if the solution is at a pH of 4.45? 

(5 marks) 
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Question 4. 
For the balanced reaction 


2 SO3(g) == — S82(g) + 3 Or(g) 


The equilibrium constant has a value of 4.33x10“* at some elevated temperature. Calculate the 
equilibrium concentrations of all species if the initial pressure of SO3 was 0.150 bar. 
(6 marks) 


Question 5. 
(a) A refrigerator has a coefficient of performance of 3.50. The compressor uses 15.0 J 
of energy per cycle. 

(i) How much heat energy is exhausted per cycle? 

(ii) If the hot-reservoir is 32°C, what is the lowest possible temperature in °C of 

the cold reservoir? 
(4 marks) 

(b) A steam engine absorbs 1.98 x 10° J and expels 1.49 x10° J in each cycle. Assume 
all the remaining energy is used to do work. 

(1) What is the engines efficiency? 


(ii) How much work is done in each cycle? 


(4 marks) 
Data 
T, oO 
Map = T om 
hot * cold 
n. = Tota 
Dias ~ Tota 
= qs = Tid 
Dee 
Question 6. 


(a) Explain what is meant by the steady-state approximation in chemical kinetics. 


Why is it useful, and under what conditions is it valid? 
(3 marks) 


(b) Derive the rate law for the unimolecular decomposition of dinitrogen pentoxide in 
the gas-phase reaction N,0;(g) ~ NO2(g) + NO3(g) on the basis of the following 
mechanism: 


N,0, +M—>N,0. +M ky 
N,0; +M—>N,0,+M ky 
NO." => NO, + NO; kp 


(7 marks) 
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Question 7. 


What is the quantum yield for the decomposition of 4-heptanone when exposed to a 
radiation source at 250 nm and 300 W for 90 min. After irradiation, 0.020 mole of 4- 


heptanone has decomposed? 


(6 marks) 
Data 
h = 6.626 x 10°" Js; 
c=3x 10° ms! 
Na = 6.022 x 10°° ms" 
Question 8. 


(a) Derive the following Langmuir expression for fractional coverage as a function of 
pressure for the following dissociative adsorption mechanism: 


KP 
O= 
1+ KP 


(4 marks) 


(b) The adsorption of methane on charcoal can be described by the Langmuir 
isotherm. The surface area of 3.4 g of charcoal is 629 m?. One adsorbed methane 
molecule occupies on the solid surface an area of 0.25 nm’. One of the experiments 
revealed that at equilibrium pressure 62.9 kPa the capacity of the solid surface for 
methane adsorption was saturated at 65%. Determine the number of monolayer moles 


of methane per gram of charcoal and the equilibrium constant for adsorption/desorption 
(Mcu, = 16.043 g mol’). 
(12 marks) 
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» The systematic names and symbols for elements 


greater than 112 will be used until the approval 
Of trivial names by the IUPAC. 


Periodic Table of the Elements 


Group 13 _ ‘Group 14 Group 15 Group 16 Group 17 4.002 60 
; = oe . 


of elements with atomic numbers 112, 114, and 116 have been reported but not fully confirmed. 


The atomic masses listed in this table reflect the precision of current measurements. (Each value listed in 
parentheses is the mass number of that radioactive element's most stable or most common isotope.) 


